ABSTRACT. An exhaustive floristic inventory was conducted in a 400-ha block of tropical semideciduous forest in the Chiquitanía region of Santa Cruz, Bolivia. A total of 501 species were collected using both quantitative and traditional plant collecting methods. Trees represented the most diverse life form (124 spp), followed by herbs (101 spp), lianas (85), shrubs (66), herbaceous climbers epiphytes (15) and parasites (two). Floristic diversity was greatest for the forest floor community, when compared to either the understorey or canopy tree communities. Quantitative data were obtained for 336 species in 100 plots which contained a series of nested subplots to sample smaller-stature plants. Stem density for trees (dbh ͧ 5 cm) was 914 trees ha −1 , with a total density for all life forms estimated to be 135,000 plants ha −1 ; the total basal area for the forest was estimated to be 27.6 m 2 ha −1 . Species richness when measured by standard methods was found to be one of the highest for a dry forest region reported for the Neotropics with a mean of 70.8 spp 0.1 ha −1 (dbh ͧ 2.5 cm) and 50 spp ha −1 (dbh ͧ 10 cm). Comparison of life forms and vertical strata showed that the flora on the forest floor was more diverse than all other vertical strata combined. Habitat heterogeneity was studied using ordination procedures based on floristic data and to identify the characteristic species of three plant communities: granite outcrops, valley forest and upland forest. The most abundant tree species in the study area were Acosmium cardenasii, Neea hermaphrodita, Aspidosperma tomentosa and Galipea trifoliata, while the species with the greatest basal area were Anadenanthera colubrina, Acosmium cardenasii, Caesalpinia floribunda, Aspidosperma tomentosa, Piptadenia viridiflora, Chorisia speciosa, Tabebuia impetiginosa, Centrolobium microchaete, and Machaerium scleroxylon. Most canopy and understorey tree species had a population structure characterized by 1 Mailing address.
ABSTRACT. An exhaustive floristic inventory was conducted in a 400-ha block of tropical semideciduous forest in the Chiquitanía region of Santa Cruz, Bolivia. A total of 501 species were collected using both quantitative and traditional plant collecting methods. Trees represented the most diverse life form (124 spp), followed by herbs (101 spp), lianas (85), shrubs (66), herbaceous climbers epiphytes (15) and parasites (two). Floristic diversity was greatest for the forest floor community, when compared to either the understorey or canopy tree communities. Quantitative data were obtained for 336 species in 100 plots which contained a series of nested subplots to sample smaller-stature plants. Stem density for trees (dbh ͧ 5 cm) was 914 trees ha −1 , with a total density for all life forms estimated to be 135,000 plants ha −1 ; the total basal area for the forest was estimated to be 27.6 m 2 ha −1 . Species richness when measured by standard methods was found to be one of the highest for a dry forest region reported for the Neotropics with a mean of 70.8 spp 0.1 ha −1 (dbh ͧ 2.5 cm) and 50 spp ha −1 (dbh ͧ 10 cm). Comparison of life forms and vertical strata showed that the flora on the forest floor was more diverse than all other vertical strata combined. Habitat heterogeneity was studied using ordination procedures based on floristic data and to identify the characteristic species of three plant communities: granite outcrops, valley forest and upland forest. The most abundant tree species in the study area were Acosmium cardenasii, Neea hermaphrodita, Aspidosperma tomentosa and Galipea trifoliata, while the species with the greatest basal area were Anadenanthera colubrina, Acosmium cardenasii, Caesalpinia floribunda, Aspidosperma tomentosa, Piptadenia viridiflora, Chorisia speciosa, Tabebuia impetiginosa, Centrolobium microchaete, and Machaerium scleroxylon. Most canopy and understorey tree species had a population structure characterized by numerous juveniles and relatively few large trees, while emergent species tended to have a size-class distribution with relatively few juvenile individuals. Lianas and canopy trees were predominantly anemochorous, while understorey trees and shrubs were predominantly zoochorous; herbaceous species were largely autochorous, with only fern species relying on wind dispersal (sporochory). A comparison of structural attributes with other dry forest areas in the Neotropics, demonstrates the heterogeneous nature of vegetation types that are commonly assigned to this ecosystem. The Chiquitano dry forest shares many floristic elements with the semideciduous forests of the Andean piedmont of northwestern Argentina, the Misiones region of eastern Paraguay and northeastern Argentina, as well as the Caatinga region of northeastern Brazil.
KEY WORDS: biodiversity, Chiquitano dry forest, Pleistocene dry forest arc I NT R OD U CT I O N Dry forest ecosystems in the tropics have received attention in recent years as threats to their conservation have become recognized by biologists (Bullock et al. 1995) . In comparison to humid forest and savanna, detailed information on the structure, diversity and function of dry forest ecosystems is relatively scant. This lack of basic information is compounded by extensive deforestation and habitat degradation in regions where dry forest is the predominant natural vegetation type. Currently, many countries in Latin America are endeavouring to create and manage national systems of protected areas. Detailed knowledge of at least part of the biota is required so that reserves are created in all of the major biogeographical regions within each country, as well as to facilitate the establishment of corridors between reserves in different countries.
An effective and rapid method for obtaining this information is to conduct floristic inventories at specific localities so that biogeographical affinities can be discerned, as well as to identify rare or endemic species of special conservation interest. Quantitative inventories provide information on the nature of species diversity of tropical forests, as well as precise information on the structure of these ecosystems (Ferreria & Laurance 1997 , Phillips & Gentry 1994 . Most quantitative floristic inventories focus only on tree species and assume that the diversity for other life forms is correlated to tree species diversity. However, the diversity of some life forms may be inversely correlated with tree species diversity, particularly in transitional forest types characterized by an open canopy. Diversity is usually partitioned into at least two components, species richness (alpha diversity) and habitat heterogeneity (beta diversity). Most quantitative inventories provide some estimate of species richness, but only those that sample relatively large areas also allow for an analysis of the spatial component of diversity (Tuomisto et al. 1995) . Information on beta diversity is important when planning biological reserves or developing multiple-use management plans, because spatially restricted microhabitats often contain endemic species, while edaphically determined habitats may contain key resources upon which wildlife populations are dependent during certain seasons of the year.
The terms dry, deciduous, semihumid, and semideciduous have all been used to describe a broad range of related forest formations in eastern and southern Bolivia (Dinerstein et al. 1995 , Gentry 1993 , Killeen et al. 1990 ). This confusion of terminology extends to most dry tropical forest regions due, in part, to the diversity of forest types that occur in the seasonally dry tropics. Dry forests formations range from relatively open parkland to dense scrub and closed canopy forest; these changes in physiognomy and structure are related to precipitation and soil fertility (Furley & Ratter 1988 , Gonzales & Zak 1996 , Murphy & Lugo 1986 , Ratter et al. 1978 , Sampaio 1995 . Comparison between studies is often difficult due to the sample methodology employed by different workers. However, the results from a study using nested plots facilitates the comparison of results, because successively smaller nested quadrats are sampled using successively smaller sampling criteria. As a result, quantitative comparisons can be made with almost any other study, as long as the results are summarized according to standardized sample areas.
We present the results from an exhaustive quantitative floristic inventory conducted in a dry forest in eastern Bolivia. It was conducted on land belonging to the residents of Las Trancas, a village of Chiquitano indigenous people. This study provided base-line data for ecologists and foresters who are assisting the residents of the village improve the management of a communally held forest concession. In this report, we summarize the diversity, composition and structure of a forest block prior to the initiation of logging activities. We also compare the Chiquitano dry forest formation to other dry forest formations in the Neotropics.
STU DY A REA
Chiquitanía is a geographic region in the eastern lowlands of the Department of Santa Cruz, Bolivia with a cultural heritage of indigenous cultures influenced by Jesuit missions of the 18th century ( Figure 1a ). The community of Las Trancas (16°13′S; 61°50′W; 300-400 m) is situated in an area known as Lomerío that is a collection of villages located in the heart Chiquitanía. Lomerío is situated in a wide transition zone between the humid forests on the southern rim of the Amazon basin and the thorn scrub formations of the Gran Chaco. Chiquitanía is characterized by large, relatively undisturbed, expanses of semideciduous forest, cerrado savannas, and pantanal wetlands. Information on the composition of the flora and fauna of the region is limited to checklists of species and general description of the vegetation types (Gentry 1993 , Ibisch et al. 1995 , Killeen 1989 , Killeen et al. 1990 , Killeen & Nee 1991 .
The region of Lomerío is situated on the southwestern edge of the Brazilian Shield; the landscape is dominated by low hills composed of granite, gneiss and metamorphic rocks of Precambrian origin (Geobol 1981) . The terrain at the Las Trancas study site is composed of two adjacent low ridges separated by a shallow valley; topographic relief varies between 410 and 470 m. The soils are reddish brown, sandy clay loams and most soil pits on the interfluves encounter bedrock within 70 cm of the soil surface. Iporre (1996) conducted a detailed soil survey of the study area and recognized four soil mapping units that correspond to hill tops, upper slopes, lower slopes and valley bottoms. The soils are moderately acidic (pH = 5.8 to 6.8 in the A horizon) with a low to moderate cation exchange capacity (1.4-7.3 me 100 g −1 ); mapping units were classified as either inceptisols (shallow soils) or oxisols (deep soils). Although these soils are mildly acidic and nutrient poor, they are relatively fertile when compared to the more highly weathered savanna soils found in the region (Killeen et al. 1990) .
The climate of the region is characterized by pronounced seasonality with a strong dry season that corresponds to the austral winter. The mean annual temperature at Concepción is 24.3°C with minimum/maximum values that vary between 3°C (July) and 38.1°C (October). The mean annual precipitation is 1129 mm, while the mean annual evapotranspiration is 1350 mm, this produces an annual water deficit in excess of 200 mm (Montes de Oca 1982) . Interannual variability in precipitation is large with lows of 500 mm and highs of 1710 mm per year (Killeen et al. 1990 ).
M ET H ODS
The quantitative floristic inventory was conducted during the late dry season and wet season between October 1994 and February 1995 using 100 plots arranged in a stratified random design in a 400-ha block of forest (inselbergs; Figure 1c ). Each plot was composed of five nested subplots; measurement criteria were such that a greater range of life forms would be measured at a decreasing sample intensity (Figure 1b) . Field measurements for trees followed Adler & Synott (1992) and consisted of diameter at breast height (1.3 m, dbh), height to the first branch, commercial height, the height to top of the crown as estimated by clinometer, as well as infestation by lianas (1-4, low to high), the position and form of the crown in the forest canopy (1-5 good to poor); lianas, shrubs, and other life forms were measured for dbh and total height were estimated visually. Plants with multiple stems were treated as separate individuals if the bifurcation was below dbh and as one individual is the bifurcation was above dbh.
Plant identification was conducted in the field at the level of morphospecies and voucher specimens were collected for all taxa. Additional collecting trips were made during 1995 and 1996 so as to ensure a total sampling of the flora of the study area, as well as to collect fertile material and improve the reliability of the plant determinations. Fertile collections have been deposited at the Museo de Historia Natural Noel Kempff Mercado (USZ) and the Missouri Botanical Garden (MO); a complete set of voucher specimens are deposited at USZ. The classification of individual species according to seed dispersal strategies was based on an evaluation of the morphology of fruits and seeds; information was derived from herbarium specimens, standard taxonomic references, or specialized works focusing on seeds and fruits (van Roosmalen 1992) . Access to the specimen data and nomenclatural information for all taxa can be obtained from the Missouri Botanical Garden database TROPICOS (http:// www.mobot.org); specimen data can be accessed by use of the key-words 'Las Trancas' in the locality field.
Plot data was summarized according to standard protocols. Abundance is the number of stems registered in each quadrat for a particular size-class and is expressed as the number of stems per hectare. Basal area is the sum of the cross-sectional area as calculated from dbh and is presented for various size classes and life forms as m 2 ha −1 . Species were classified to one of four vertical strata: emergent (maximum height >25 m); canopy (maximum height 15-25 m); subcanopy (maximum height 3-15 m); forest floor (maximum height <3 m).
A principal components analysis (PCA) was used to evaluate the floristic composition of the plots within the study area and to identify the characteristic species of the different plant communities using the NTSYS-pc software package (Rohlf 1994) . Plots were treated as operational taxonomic units (OTUs) and the abundance values for individual species was the attribute data. The data was standardized by the mean normal variant prior to conducting the PCA analysis. Separate iterations were performed on abundance data for trees (dbh ͧ 20 cm; dbh ͧ 10 cm), trees and lianas (dbh ͧ 5 cm), and herbs and shrubs (dbh ͨ 5 cm, height < 2 m). Species with an abundance value less than 5 were removed from the data matrix prior to the analysis. The analysis was conducted first using data from all plots and was repeated, if necessary, after removing plots that were identified as outliers in the first iteration. Interpretation of the floristic significance of the ordinate axes was obtained by evaluating the factor loadings (eigen vectors) for each species. Table 1 shows the relationship between life-form and size class in the distribution of plant species; lower strata are more diverse than higher strata, Table 1 . The number of species registered in the Las Trancas study area according to life-form and size class; the sampling area for the different size classes are as presented in Figure 1 .
R ES ULT S

Diversity
<5 <5 5-9.9 10-19.9 20-39.9 40-59.9 >60 total total Figure 2 which shows the number of species registered as a function of sample area. The species accumulation curves show that 73% of the total tree species sampled (dbh ͧ 10 cm) had been encountered within the first 60 plots (3 ha). In contrast, the forest floor flora (<2 m tall and <5 cm dbh) remained inadequately sampled even after 100 plots (0.5 ha), with less than 50% of the total number of species that were eventually collected in the study area (Table 1) . There was only a small difference in the number of tree species encountered by using either the A or B protocols; however, the effect of including smaller size classes has a pronounced effect on the species and life-forms registered. The C protocol incorporated lianas with large diameter stems with little change in the number of tree Figure 2 . The cumulative number of species registered in each of the five different sampling protocols. There were 100 sample units consisting of nested plots; consequently each protocol has a different sampleunit size (see Figure 1 ) and total area as shown on the X-axis.
species registered. The D protocol was noteworthy for the inclusion of shrubs, small stemmed lianas, and herbaceous vines but sample area was insufficient to adequately measure tree species diversity. The largest number of species registered was produced by the E protocol, which unlike the other protocols, was not inclusive for plants registered in the higher order quadrats (i.e., species registered by the A, B, and C protocols which were situated within a D quadrat are also included in the data summary for the D protocol, but the E data summary excludes all plants >2 m tall.). This demonstrates that the diversity present on the forest floor is greater than all other vertical strata combined. A comparison of the species measured by the quantitative inventory was made with the list of plants collected by traditional methods. A total of 350 species were collected based only on general collections of fertile material, while 310 species were censused during the quantitative inventory. A combination of both lists is assumed to provide a complete survey of the flora of the study block (Table 1 ; Mamani et al. 1998) .
Forest structure
Summarization of stem density according to size-class shows a typical distribution of stems with decreasing abundance with increasing diameter for all life forms ( Table 2 ). The density for trees ͧ 10 cm dbh was 437 individuals/ha showing that the forest canopy was relatively open. Trees represent over 92% of the basal area of the forest and more than 60% of the total basal area is due to individuals between 20 and 60 cm dbh (Table 3 ). The mean height of trees with a dbh ͧ 20 and <40 cm was 16 m (Table 4 ). The largest tree in the forest was an emergent Schinopsis brasiliensis with a dbh of 115 cm that was estimated to be c. 30-35 m tall.
Infestation by lianas was a notable phenomenon in the study area and when seedlings and saplings (stems <2 m tall) are discounted, there are more liana stems in the forest when compared to trees (Table 2) . However, tree saplings and seedlings were almost twice as numerous when compared to lianas. Only 25% of all trees (ͧ10 cm dbh) were free of lianas and slightly more than 25% contained lianas that covered more than three quarters of their crown; the remaining 50% of the trees were evenly divided between two intermediate groups that were infested by lianas but whose crowns were not dominated by them. There is a significant relationship between liana infestation and crown shape and crown position, with poorly formed crowns on shorter trees containing more lianas when compared to taller trees with well shaped crowns (Figure 3) .
The most abundant life-form in the forest is the herbaceous perennial of the forest floor; there were no annual species registered in the quantitative inventory, but five species were collected as weeds along trails or on rock outcrops within the study area. The least abundant life-forms in this forest are epiphytes and hemi-epiphytes; these life forms were undersampled in the quantitative inventory, as there was no method in the sampling protocol for these plants ) in the Las Trancas study area; standard deviations (SD) are in parenthesis; sampling criteria and area sampled are as in and only those individuals that had fallen to the ground or were situated below 2 m were censused within the smallest size category. The relatively large value shown in Table 2 is due to a large number of Philodendron camposportoanum juveniles that were growing on the forest floor. Morphological characteristics commonly associated with dry forest taxa are the presence of thorns, sclerophyllous foliage and succulent stems and frequency of an elaborated cork cambium in many species (Table 5) . Succulent stem cacti are conspicuous components of the forest flora, but only Opuntia brasiliensis can be considered to be relatively abundant. Water storage in stems also is characteristic of Jacaratia corumbensis and the bottle-tree species of the Bombacaceae (Eriotheca roseorum, Chorisia speciosa, and Pseudobombax marginatum). The later two trees also have photosynthetic bark, as does Commiphora leptophloeos. Taxa belong to families that are known to use crassulean acid metabolism (CAM) are moderately diverse being represented by the bromeliads and cacti, as well as by some epiphytes or lithophytes in the Orchidaceae. One of the most abundant plants in the forest is the rosette bromeliad, Pseudananus ananus, which forms large dense rhizomatous colonies and represent 8% of all plants of the forest floor. C 4 grasses and sedges were rare consisting mainly of a few weedy species collected along trails and the xeric-adapted species of the granite outcrops, which conforms to previous reports that tropical forest grasses are predominantly C 3 species (Killeen & Hinz 1992) .
The most obvious adaptation of the species of this forest to seasonal stress is deciduousness. Most dicotyledonous trees with compound leaves are deciduous, while several of the species with simple leaves are evergreen or semi-evergreen (e.g., Pouteria gardneriana, Cecropia concolor, Ficus gomelliera and Capparis spp). The timing of leaf drop and foliage regrowth is a flexible response and the amount of time that trees remain leafless is dependent upon soil moisture that varies spatially and temporally according to local rainfall patterns. A larger proportion of lianas, understorey trees and shrubs are evergreen. Deciduousness in dry forests is also frequently associated with the predominance of compound leaves and 92% of all emergent and canopy tree species share both traits. Compound leaves are less common in the subcanopy (46%) and understorey (34%) but precise data on the degree of deciduousness is lacking. The degree of deciduousness varies according to yearly precipitation levels and the severity of the dry season and a higher proportion of understorey shrubs and herbs retain their leaves during the dry season when compared to canopy trees. 
Composition
The Leguminosae was the overwhelmingly predominant family in terms of diversity, stem density, and basal area (Table 6 ); all other families vary in their contribution to the forest flora. The most diverse shrub and herbaceous taxa are represented by Euphorbiaceae, Acanthaceae and Gramineae, while the Bignoniaceae, Malpighiaceae, and Sapindaceae are the most diverse liana families. Trees in the Bombacaceae and Apocynaceae are only moderately diverse, but they represent an important part of the forest flora as shown by their combined basal area and stem density. The population structure of the twenty most common understorey and subcanopy tree species are presented in Figure 4 ; their population structure is not significantly different from the forest as a whole with larger numbers of individuals in the smaller size-class categories. This type of population structure is typical of shade tolerant trees of moderate stature with small to moderate size stems. In contrast, the emergent and canopy species have a population structure lacking large numbers of juvenile individuals; these species are either emergent or canopy dominants ( Figure 5 ). Traditionally, species with this type of population structure are considered to be pioneer or heliophyte species that do not reproduce well in a primary forest. Table 2 shows that c. 33% of the Figure 4 . The population structure of the 20 most abundant subcanopy and understorey trees in the forest (maximum height <15 m and >3 m); species are arranged from the most abundant to the least abundant; numbers in parentheses refer to the values that are off the scale of the graph. The X-axis represents the same size-classes presented in Table 1 ; the Y-axis represents the mean number of individuals per hectare. The numbers in parentheses refer to the values that are off the scale of the graph; no species had a distribution that was significantly different from the forest as a whole. Figure 5 . The population structure of the 20 most abundant emergent and canopy trees species (maximum height >15 m); species are arranged from the most abundant to the least abundant for stems ͧ20 cm. The X-axis represent the same size-classes presented in Table 1 ; the Y-axis represents the mean number of individuals per hectare. The numbers in parentheses refer to the values that are off the scale of the graph; the population structure of C. microchaete (χ 2 = 26.6, P < 0.01), T. impetiginosa (χ 2 = 56.7, P < 0.01), E. roseorum (χ 2 = 48.2, P < 0.01) and S. brasiliensis (χ 2 = 216, P < 0.01) were significantly different than the population as a whole. stems on the forest floor are composed of juvenile individuals of trees and lianas, most of which reach the upper strata upon maturity. This shows that the forest floor is dominated by understorey specialists species rather than juvenile individuals of canopy species and Table 7 lists the most common shrub and herbaceous species, as well as the most common liana and vine species. Most species with high values for abundance also have a high frequency of occurrence in the forest plots and the two parameters are highly correlated (r 2 = 0.73, df = 307, P = 0.01). However, there are some conspicuous exceptions, notably Pharus lappulaceus, Ruellia brevifolia, Ruellia bangii, Justicia cf. carnea, Panicum stoloniferum and Petivera alliacea, herbs or shrubs with a patchy distribution in the forest. Several trees had relatively low abundance but were more evenly distributed within the study area, such as Tabebuia impetiginosa, Piptadenia viridiflora and Chorisia speciosa. Trees (canopy and emergents) -see Figure 2 Trees (subcanopy and forest floor) -see Figure 3 Lianas 
Differentiation of plant communities
Three separate microhabitats were recognized within the forest based on substrate, topography, and floristic composition. Twenty plots were located in the bottom of a valley, while only two plots were located on or near a granitic outcrop; the rest were all located in terrain that would be considered as upland forest or as transitional between upland forest and valley bottoms (Figure 1c) . The principal components analyses (PCA) for trees (dbh ͧ 20 cm; dbh ͧ 10 cm) and trees and liana (dbh ͧ 5 cm) all produced similar results; there was a dense clustering of upland plots, with greater variability observed among valley bottom plots and transitional valley-side plots ( Figure 6 ). No discernable patterns could be perceived based on the PCA analysis of the forest floor flora (dbh < 5 cm, height > 2 m); between plot variation was sufficiently large that it obscured any differences which may exist among the different plant communities that were identified using larger size classes.
Examination of the eigenvectors for the first PCA axis for the different iterations revealed groups of species that were abundant or frequent in either upland or valley bottom plots. Species assigned large positive factor loadings for at least four of five iterations were considered to be characteristic of upland habitat (Acosmium cardenasii, Anadenanthera colubrina, Piptadenia viridiflora, Tabeb The second to fifth PCA axes revealed no consistent pattern among plots that could be related to floristic differences among habitat types. However, they did reveal a somewhat greater variability among valley bottom and transitional valley-side plots when compared to upland plots. The amount of variability displayed in the first five PCA axes never exceeded 35%, further demonstrating the heterogeneity among plots with respect to floristic composition. Only two plots were associated with granite outcrops; plot 29 was a xeric site on the upslope edge of an insleberg, while plot 64 was a mesic site situated at the base of an inselberg. These plots were identified as outliers in two of six PCA iterations, but it was not possible to identify characteristic species via the ordination procedure. Adjacent to these habitats one typically finds trees that are common in upland forest, although certain species are more abundant in this microhabitat (Cedrela fissilis, Pseudobombax marginata, Tabebuia serratifolia, Salacia elliptica, Astronium urundeuva, Sterculia striata and Amburana cearensis). On the non-forested portion of the bald outcrops, an interesting group of bromeliads, orchids, cacti, and other xeromorphic species occur, but none of these sites fell into the study plots (Ibisch et al. 1995 , Killeen et al. 1990 ).
Seed dispersal strategies
The species registered by the quantitative inventory were classified according to one of three main categories of seed dispersal (anemochory, autochory and zoochory). No attempt was made to distinguish between birds and mammals or between endozoochory, ectozoochory, or other subcategories since most species with fleshy fruits are consumed and dispersed by a wide variety of both terrestrial and volant frugivores. Figure 7 shows the number of species for each of the three major strategies according to life-form and vertical stratum. The relative diversity of species using anemochory as a seed dispersal strategy increases with height for all groups, a pattern that is most notable for trees which occupy niches in all four vertical strata. A comparison between herbaceous or sub-woody vines that predominate in the understorey with the woody lianas of the canopy and subcanopy revealed that herbaceous vines tended to have a greater proportion of zoochory. Shrubs and herbs are predominantly autochorous or zoochorous and the only forest floor species that rely on wind dispersal are ferns whose spores are dispersed by the wind (sporochory).
D ISC US SI ON
Structure and biomass
Dry forest formations have lower densities of large trees when compared to humid forests; this results in a more open canopy that leads to an increase in total stem density. The dry forests of the West Indies reported between 7,000-12,000 stems ha −1 , values that are considerably larger than the 2,420 for Las Trancas (dbh ͧ 2.5 cm). However, those sites have been heavily impacted by cutting for fuel, which induces coppicing in many dry forest species, thus leading to a further increase in stem density (Gonzales & Zak 1996, Murphy & Figure 7 . The dispersal strategies of the principal life-forms according to vertical strata in the Las Trancas study block.
Lugo 1986). In contrast, Sampaio (1995) reported between 20,000-30,000 woody stems ha −1 (all size classes) in the dry forest formations of the Caatinga region of Brazil; a figure that is only half the 59,000 ha −1 at the Las Trancas study site (Table 2 ). The Caatinga is well known for high human population densities and most dry forests have also been subject to intensive grazing or browsing by livestock which could lead to a decrease in total stem density. Local residents testified that the Las Trancas site was relatively undisturbed prior to the study, an affirmation that was substantiated by examination of satellite imagery dating from the early 1970s.
Measurements of basal area for dry forests range from 15 to more than 60 m 2 ha −1 (Gentry 1995) ; however, the small sample size of many studies makes many of those measurements suspect. Basal area for Las Trancas (27.6 m 2 ha −1
) is greater than the two forest types studied in the Caribbean, which had values of 15 m 2 ha −1 and 21 m 2 ha −1 (Gonzales & Zak 1996 , Murphy & Lugo 1986 , but is comparable to the 21 and 26 m 2 ha −1 reported for Chamela, Mexico (Lott et al. 1987) . However, the Mexican and Caribbean forests are shorter in stature and few trees have a dbh ͧ 30 cm nor heights greater than 10 m. In contrast, the measurements of canopy height, stem density, and basal area from Las Trancas are similar to the deciduous forests studied in Argentina and Paraguay (Braun et al. 1985 , Spichiger et al. 1992 .
Diversity
This is the first quantitative inventory that includes all life forms for a dry tropical forest. The most common method for evaluating diversity in tropical forest is based on a sampling methodology that focuses on trees, with the underlying assumption that the diversity of other life forms is correlated to tree species diversity. In dry forests that are characterized by an open canopy the diversity of other life forms is greater than that found for trees (Gentry 1995) . One of the most notable characteristics of the Chiquitano dry forest is the abundance and diversity of herbs, shrubs, lianas and herbaceous climbers (Tables 1 and 2 ). This study reinforces other reports that have shown that liana abundance is a common characteristic of dry forests throughout the Neotropics (Gentry 1995 , Medina 1995 . The increase in liana density has been hypothesized to be the result of more efficient water transport mechanisms that allow lianas to maintain a high leaf-area index without a concomitant increase in biomass (Gartner et al. 1990) . Nonetheless, there is a point where prolonged drought must become detrimental to liana development, as inventories from the more arid areas (precipitation <600 mm) of the Gran Chaco are virtually devoid of lianas (Gentry 1995) .
A comparison of the quantitative and qualitative inventories reveals that the quantitative inventory suffers from a spatial bias in sampling intensity, while the traditional method suffers from a temporal bias in sampling effort. The quantitative inventory was not sufficiently extensive to register the smaller size classes to adequately sample herbaceous forbs, epiphytes and shrubs. Many of the species that were not counted in the quantitative inventory are habitat specialists of granite outcrops that occurred within the Las Trancas forest block but which were not well represented within the 100 sample plots that were randomly placed along forest transects. Granite outcrops are small in area but their contribution to beta diversity is considerable; the failure to sample these areas would result in not registering several of the more interesting and potentially new or endemic species. The traditional inventory also under sampled the flora by approximately a third of the total species, demonstrating the importance of frequent collecting trips and the need to make an extra effort to collect life forms such as lianas and epiphytes.
The Chiquitano dry forest has been identified as exhibiting some of the highest levels of diversity for a dry forest formation in the Neotropics. Gentry (1995) ). This preliminary estimate was tested by using the Las Trancas data by grouping the D-quadrat sample category into five randomly derived subsets and using a sample criterion of 2.5 cm dbh. The mean number of species registered in 0.1 ha area was 71 (max. = 86, min. = 52, SD = 12.98, n = 5) a value that supports Gentry's assertion that eastern Santa Cruz is a centre of floristic diversity of the dry forest flora.
The forest is superficially homogenous over very large expanses, as is evident in the close clustering of the upland plots when analyzed by statistical ordination procedures based on large trees. Those plots that diverge from the norm are restricted to edaphic sites offering extreme conditions (granite outcrops) or increased soil moisture and fertility (valley bottom). Valley bottoms are a major source of habitat heterogeneity within the study area, thus contributing to beta diversity. Not only are these plots floristically different from upland plots, they also showed greater variability among plots when compared to upland plots (Figure 6 ). Although not spatially abundant, valley bottom forests may be essential to wildlife species that require certain key resources at specific times of the year. For example, several of the larger fruit bearing trees, such as Ficus gomelliera, Pouteria gardneriana, Atalea phalaerata, Ocotea cernua, Sorocea spruceii, Capparis prisca and Chrysophyllum gonocarpum, were more abundant in valley bottoms increasing the conservation importance of this habitat.
The importance of the scale when studying beta diversity was demonstrated by the inability to discern any spatial (e.g., edaphic) pattern when conducting ordination procedures using understorey species. These data were collected in small plots (4 m 2 ) which were insufficiently large to allow for the identification of characteristic species that occurred within most plots, indicating that this strata is fairly heterogeneous. The importance of the forest floor flora in terms of plant species richness is apparent in the 40% of the species found only in that strata (208 species). In addition, the forest floor and subcanopy are of disproportionate importance to wildlife, due to the abundance of shrubs, trees, and lianas with fleshy fruits that serve as important food resources to many birds and mammals (Figure 7) . Studies detailing the impact of logging operations on this stratum should be a priority, and attention should be focused not only on the regeneration of canopy trees, as is traditional, but on the forest floor flora in its totality.
Biogeography
The diversity of specific taxa and the composition of the flora are similar to other dry forest regions within the Neotropics. Like most dry forests in the Neotropics, the predominant family in terms of abundance, basal area, and diversity is the Leguminosae, with numerous taxa in the Acanthaceae, Capparidaceae, Gramineae, Euphorbiaceae, Compositae, Apocynaceae, Anacardiaceae, and Cactaceae. Several families are unusually diverse in comparison with other regions, particularly the Sapindaceae and Dioscoreaceae. Also notable is the lack of diversity of families that are considered characteristic of humid forest, such as Moraceae, Melastomataceae, Palmae, Sapotaceae, Chrysobalanaceae, Annonaceae, Myristicaceae and Lauraceae.
Traditionally, biogeographers have referred to three major types of seasonally dry woodland in South America, the Gran Chaco thorn scrub, the Cerrado savanna complex and the Caatinga dry forest (Hueck & Siebert 1981) . The Chiquitano dry forest is situated adjacent to both the Chaco and Cerrado regions, but it has little in common with either one when viewed in terms of floristic similarity. It is similar to the flora of the Caatinga region and two other lesser-known dry forest formations. Prado & Gibbs (1993) studied the distribution of over 70 species of vascular plants (mainly trees) and showed that the Caatinga vegetation has a high floristic similarity with the semideciduous forest of the Andean Piedmont of Northwestern Argentina and the Misiones region of Northeastern Argentina and adjacent regions of Brazil and Paraguay. The four taxa considered to be characteristic of this biogeographical formation are Adenananthera colubrina, Amburana cearensis, Astronium urundeuva and Enterolobium contortisiliquum, while other common species are Platypodium elegans, Caesalpinia floribunda, Pterogyne nitens, Ruprechtia laxiflora and Celtis pubescens. All of these species are relatively common in the Chiquitano dry forests of eastern Santa Cruz. This formation is floristically and structurally distinct from the thorn-scrub vegetation of the Gran Chaco, with which it is sometimes grouped by biogeographers, especially those with an orientation towards vertebrate species (see discussion in Prado & Gibbs 1993) . Many plant species of these semidecidous forests also occur in the Cerrado region of central Brazil where they are found in gallery forest or on landscapes with calcareous or otherwise mesotrophic soils (Ratter et al. 1978) . The dry forests of the montane Yungas of Northwestern Bolivia also may have some floristic affinity with this region; poorly studied dry forests are known to exist in the Apollo province of La Paz, as well as in isolated pockets in the provinces of Nor and Sud Yungas , Parker & Bailey 1991 . Prado & Gibbs (1993) hypothesized that the Caatinga, Misiones and Piedmont regions represent dry forest refugia of a previously more widespread formation and have coined the term the 'Pleistocene Dry Forest Arc' to describe it. These regional centres of diversity essentially represent dry forest Holocene refugia and the Chiquitanía region of eastern Bolivia has probably functioned as a corridor between these other dry forest regions. Each of these regions has species that are endemic to them, but in many cases these species are part of a closely related species complex with closely related taxa present in the other dry forest formation (Prado & Gibbs 1993) . There has been insufficient taxonomic study of the Chiquitano forest flora to identify many endemic taxa. However, the most abundant tree in the forest, Acosmium cardenasii, is endemic to Chiquitanía and adjacent areas in Brazil; this species was previously known only from the type locality near San Ignacio de Velasco . Many species previously thought to be endemic to one of the three better studied regions have a distribution that extends into this central node. Species that were previously known to be restricted to the Misiones -Caatinga regions but which occur in eastern Bolivia are Piptadenia viridiflora, Sterculia striata, Commiphora leptophleos, Schinopsis brasiliensis, Guibourtia chodatiana, Pouteria gardneriana, Chrysophyllum gonocarpum, Combretum leprosum, Tabebuia aurea, Machaerium acutiflorum, and Aspidosperma pyrifolia, while others such as Ruprechtia laxiflora, Calycophyllum multiflorum, Diplokeba floribunda, and Senna spectabilis var. spectabilis are species that occur in the Misiones and the Piedmont regions are now known to be connected by the forest of Chiquitanía. Finally, there are several species with widespread or amphitropical distrubution, such as Hymenaea courbaril, Tabebuia impetiginosa, Spondias mombin, Phyllostolon rhamnoides, and Cordia alliodora, which are also present within the forests of Chiquitanía (Prado & Gibbs 1993 , Sampiao 1995 
Forest use and conservation
This ecosystem contains high densities of commercially valuable species and several species are being commercial exploited (Cedrela fissilis, Amburana cearensis, Machaerium scleroxylon, Tabebuia impetiginosa, Astronium urundeuva, Centrolobium microchaete, Anadenanthera colubrina, Aspidosperma cylindrocarpon, Cordia alliodora, Guibourtia choadatiana, Schinopsis brasiliensis and Cariniana ianaeinensis). Together, these 12 species provide a total of 38.2 m 3 of timber per hectare for trees ͧ 40 cm dbh; approximately 58% of the total wood volume of the forest and 56% of all stems for that size class. Few forests in the tropics offer such high densities of commercially available species and this region of Bolivia has many active timber concessions.
The Chiquitano forest is the largest extant area of dry forest in the new world and there is currently a total of between 150,000 to 200,000 km 2 of relatively intact forest in eastern Santa Cruz, Bolivia. Nonetheless, Dinerstein et al. (1995) identified this area as one of the most endangered ecosystems in the Neotropics. The conservation threat comes largely from agricultural activity but other events are accelerating the development process, such as highway construction, gas pilelines, and mineral extraction. Annual deforestation in the alluvial soils near the city of Santa Cruz are in excess of 80,000 ha per year while cattle ranching activities are extending throughout the region (unpublished data). These trends in eastern Santa Cruz mimic past events in Argentina, Paraguay and Eastern Brazil where similar dry forest have been deforested and fragmented over the past two decades.
